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1.0 SUMMARY 


This report summarizes the activities and results of a three-month 
exploratory research project on personnel long range planning. The 
objective of the project was to identify personnel-related research, data 
needs, and method developments required to support long range planning in 
the personnel area. This objective was accomplished by performing three 
main tasks: 

(1) determination of the kinds of information that should be 
included in a personnel long range plan (PLRP), and specifica- 
tion of related operational definitions; 

(2) development of a demonstration personnel long range planning 
system and exercise of it to determine if the information 
specified in task (1) could be generated and had utility; and 

(3) identification of research needs, data deficiencies, and method 


developments required to support effective personnel planning. 


1.1 SUMMARY OF PRINCIPAL RESULTS AND OBSERVATIONS 


The principal results and observations of the research effort are 
summarized in this section of the report. 
(1) A structure for personnel long range planning was developed. 


The conceptual basis for the structure is given below: 


PERSONNEL LONG RANGE PLANNING INVOLVES IDENTIFYING A SET OF 
TIME-PHASED TRANSITION RATES AS PERFORMANCE TARGETS FOR MID 
AND NEAR RANGE PLANNING. AN APPROPRIATE PLAN IS ONE IN WHICH 
THE TRANSITION RATES EVENTUALLY STABILIZE AND, IF ACHIEVED, 
RESULT IN AN OBJECTIVE FORCE INVENTORY IN THE TEN TO TWENTY 
YEAR TIME PERIOO. 


EE 


122 


(2) A descriptive model was developed to represent the relationship 
between personnel flow (transition) rates and future personnel 
inventories. The model was used in the exercise to develop a 
demonstration PLRP for the enlisted active duty component of 
the Army. In the exercise, the rates and personnel inventories 
were indexed by demographic dimensions (AFQT category, educa- 
tion, sex), career management field, and years of service; 
combinations of which are referred to as personnel descriptor 
classes. 

The demonstration exercise indicated that the conceptual ideas 
for Army personnel long range planning developed in this 
research can be implemented, and the recommended content of a 


PLRP can be generated. Although the demonstration PLRP was 


developed only as “proof of concept," interactions with person- 


nel planners during the exercise suggests that personnel long 
range plans containing similar kinds of content would be useful 
to the personnel planning community. The demonstration exer- 
cise allowed personnel planners to see the long range impact of 
personnel policy decisions on the composition of the total 
personnel inventory. 

Although some personnel flow rate data were available to demon- 
strate feasibility and utility of the planning concepts, the 
data were not at the level of detail or the quality desirable 
for Army personnel planning. The project team identified the 
need for a complete longitudinal data base from which credible 
migration rates and other flow rate data required for effective 


personnel planning could be estimated. 
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(5) Performance targets (e.g., time-phased accession rates, separa- 
tion rates, etc. by personnel descriptor class) for personnel 
planning were developed as part of the demonstration exercise. 
However, we learned that the spectrum of relationships needed 
to examine the feasibility of achieving the targets did not 
exist, nor did relationships exist to determine the interaction 
effects of required rate changes. For example, 

@ Are the required accessions feasible in forecasted 
economic environments? 
e@ will restricting accessions to specific CMF significantly 
affect the total number of accessions? 
@ will forced in-migrations decrease the retention rate? 
e what impact will control of the reenlistments by CMF and 
personnel quality have on overall retentions? 
Research is required to develop personnel performance models 
which relate behavioral flow rates (accessions, retentions, 
etc. by personnel descriptor class) to activity levels and 
exogenous variables. Considering the sensitivities observed in 
the demonstration exercise, anc the interest in developing 
“versatile” personnel long range plans, performance model ing 
research priority should be on personnel retention (separation) 
and accession rates, in that order, with a lower priority 
assigned to development of migration rate models. 

(6) The demonstration exercise considered only the enlisted active 

duty component of Army personnel and a limited set of descrip- 


tors for that population. An operational long range planning 


system will require scope enrichment of the demonstration 


(7) 


(8) 
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methodology to include expanded descriptor dimensions 
(dependent status, discretionary status, more disaggregated 
specialty codes, etc.) and other components of the Army. 

In the demonstration exercise, we employed experimental proce- i 
dures to identify one set of time-phased, transition-rate 


(accession, migration, and separation) targets which, if 


Cg are Oe, a 


achieved, would result in future force inventories that met the 
demonstration objectives and goals. While it was possible to 
identify such a set experimentally, it was not a trivial effort 
even in the simplified demonstration exercise. Since personnel 
planning will involve a broader spectrum of objectives and 
constraints, and should consider the literally millions of 
feasible set of targets, it would be useful to incorporate more. 
formal techniques in the planning system to search for and 
evaluate large nunbers of aiternative personnel long range 
plans. 

In the exercise, we developed a demonstration PLRP considering 
a number of supply and supply-demand objectives. Although not 
included in the demonstration exercise, pay and allowances, 
accession costs, and separation costs were considered an inte- 
gral component of a personnel long range planning system. 

Based on the demonstration exercise it is clear that it would 
be useful to include "operational" costs (e.g., costs of 
improper maintenance) in personnel planning. Research is 
needed to estimate operational costs as a function of personnel 


demographic characteristics (education, aptitude scores, etc.) 


in projected inventories. 


1.2 REPORT OUTLINE 
The report contains four chapters, including this summary one, 
Chapter 2.0 describes personnel planning concepts and information we 
believe should be included in a PLRP. A summary of the output of the 
demonstration long range planning exercise is given in chapter 3.0. 
Chapter 4.0 consists of observations gleaned from the exercise. Appendix 
A describes the methods and data used to project future personnel 


inventories in the demonstration planning exercise. Appendices B through 


D contain detailed outputs of the demonstration exercise. 
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2.0 PERSONNEL PLANNING CONCEPTS 


This chapter of the report presents conceptual ideas regarding 


Army personnel planning and the role of long range planning within it. 
Section 2.1 discusses the interaction between pe sonnel planning and 
other major components of Army planning. Overall personnel planning 
concepts are discussed in section 2.2, and specific requirements for 


personnel long range planning are described in section 2.3. 


2.1 ARMY PLANNING 

Army Chief of Staff Regulation (CSR) No. 11-15, dated 8 May 1981, 
describes the Army's Long Range Planning System. It directs that plan- 
ning be performed for three time frames: 

® near range: 0-2 years (operational planning); 

e mid range: 2-10 years (management planning); and 

e long range: 10-20 years (strategic planning). 
CSR 11-15 specifies that long range planning will be performed by all 
functional areas -- forces, materiel, personnel, logistics, health, etc. 
-- with ODCSOPS providing overall continuity and coordination. Although 
all the functional areas are interrelated, personnel planning is heavily 
affected by both force and materiel (RDA) planning. Currently, the plan- 
ning process among the three areas appears to operate as shown schemati- 
cally in exhibit 2-1. Force structure and RDA planning occur as an 
iterative bilateral process from which time-phased personnel (quantity 
and quality) requirements emanate and become input to personnel planning. 
In this mode, personnel planning is reactive in nature -- estimating 


shortfalls and modifying personnel policies, resources, etc. in an 
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attempt to meet the fixed requirements. In today's moderntzation envi- 


ronment, with its attendant “skill creep", personnel planners and | 


managers are reactively scrambling to provide the numbers of skilled per- 


sonnel required in the mid and long range time periods. However, given 


that the "skill creep" is occuring on top of a shortage in the very func- 


tional areas which must be expanded to support new systems -- electronic 


maintainers, computer operators and maintainers, mechanical maintainers, 


and others -- it is almost certain that untlateral, supply-side, person- 


nel planning alone will be insufficient to meet future needs of the Army. 


Instead, as reflected schematically in exhibit 2-2, personnel planning 


should proactively interact early in the formulation of force and 


(especially) RDA plans to insure a time-phased balance between personnel 


requirements and inventories.! 


2.2 PERSONNEL PLANNING 


The personnel planning process generates plans for eventual imple- 


mentation by the Army's "manning system." A schematic representation of 


the manning system is shown in exhibit 2-3, The system performs various 


functions (personnel acquisition, training, etc.) to man the force. 


Activities shown in the exhibit are the means, policies, and practices by 


which the different manning functions are performed. For example, acqui- 


sition effectiveness is influenced by recruiter practices, enlistment 


lthe "skill creep" problem and requirement for more interactions 

between RDA and personnel planning is well-recognized in the Amny plan- 
ning community. See Integration of MPT Supply and Demand and the System 
Acquisition Process (Dr ath, Technical Report, VRI-ARI-7.2 MRoe-1, 

WITT tam E. DePuy, seth Bonder, Vector Research, Incorporated, Ann Arbor, 


Michigan, 1 March 1982, for a more detailed description of the problen 
and a suggested approach for its solution. 
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policies (e.g., duration, standards, incentives), advertising programs 
(amount, type, location, timing) and other activities. Retention of 
personnel depends on such activities as reenlistment policies (e.9., 
duration, bonus, candidate populations), benefits (housing, medical, 
educational), retirement policies, and developmental opportunities. 
Although not reflected in exhibit 2-3, the degree to which personnel 
functions are accomplished also depends on many exogenous factors such 


as; 


national demographics; 

@ macro economic environment; 

® socio-cultural environment; 

@ political environment; 

@ legislated constraints (draft, pay limits, allowable duties for 

women, accession limits, end strength, etc.); 

@ other service competition; and 

@ private sector competition. 

Thus, performance of the manning system (i.e., performance of the manning 
functions) is affected both by controllable activities and by exogenous 
factors which are not under the direct control of personnel managers, and 
therefore are uncertain in the planning process. 

The manning system provides the Army with a time-phased supply or 
inventory of personnel, where the inventory is described by its size, 
composition (component, personnel demographics, occupational specialties, 
grade/experience, etc.), and location (MACOM, unit, etc.). A full 
deseniecion of the Army's manning system would provide a systematic way 
of examining the activities and exogenous factors as they impact on all 


characteristics of the Army's personnel. These would include not only 
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the size, composition, and location of the personnel inventory, but also 
other descriptors such as human values, loyalty, competence, etc., which 
are important to consider in Army personne) planning. 

The personnel inventory is continually changing in response to 
activities implemented by personnel managers and exogenous variables. 
Because of the uncertainties inherent in these changes and time lags to 
accomplish desired changes in the inventory (to accommodate changing 
requirements, legislated constraints, etc.), personnel planning is 
required to guide the manning system. Specifically, personnel planning 
is needed to 

@ enhance the likelihood of achieving personnel goals and 

objectives; 

@ avoid unstable activity variations; 

e preclude inefficient use of resources; 

e jdentify long-term personnel resource requirements; 

e identify critical downstream personnel shortfalls; 

e provide information regarding the need for proactive interac- 

tions with force and RDA planning; and 

e provide a roadmap for the Army's manning system. 

Personnel planning must consider the twenty year horizon specified 
tn CSR 11-15. Accordingly, the planning products and systems for the 
three planning periods -- long range (strategic), mid range (management), 
and near range (operational) -- must be interrelated. The product inter- 
face is show in exhibit 2-4. The strategic plan contains information 
regarding long-term (ten to twenty year horizon) goals and objectives for 


the manning systen, personnel inventories (supplies) anticipated for that 
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period, resultant supply-demand shortfalls, and performance targets | 
that must be achieved by the manning system in order to accomplish its | 
goals and objectives. Amore precise definition of performance targets 
is given in the next section on long range planning. At this point it is 
only important to recognize that, in a top-down planning concept, long 
range planning determines “what” needs to be accomplished to achieve the 
goals and objectives. In personnel long range planning this is specified 
as a set of personnel performance targets that the manning systen should 
attempt to accomplish. In addition to providing this information as 
input to mid range planning, the long range plan provides information for 


the Extended Planning Annex and the Army Long Range Plan, and interfaces 


eisai See lS 


with force and RDA planning. 


The mid range planning effort determines "how" the manning system 


performance targets are to be accomplished by specifying planned activi- 


ties (recruitment policies, reenlistment policies, advertising, etc.) for 


the two to ten year planning period. The management plan would include 


the activities, expected? performance (degree to which per formance 


targets are expected to be met), expected inventories and suppl y-demand 
shortfalls, affordability, and other information to feed the POM and EPA 


and to interface with force and RDA planning. Planned activity levels 


are then “implemented" by near range operational planners/managers who 


also develop and provide appropriate information for budget preparation. 


Inot necessarily equivalent to personnel requirements (demand). 


2expected in the sense that, from a planning perspective, personnel 
behavior in response to the activities and the exogenous variables, are 
uncertain. 
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The kinds of methods, data, etc. to generate personnel plans are 
characterized in exhibit 2-5, which depicts the linking and feedback 
among the three planning periods. Principal inputs include results of 
personnel research (methods, data, etc.), time-phase personnel require- 
ments information (i.e., the demand scenarios), and goals and objectives 
specified by the DCSPER to guide the overall planning process. The pre- 
viously described top-down flow of information (manning system per form- 
ance targets to planned activity levels to implemented activity levels) 
is shown, as is the feedback of performance contraints (to assess feasi- 
bility in the long range planning) and implemented activity levels (for 
the next iteration of mid range planning). The purpose of most of the 
components in the planning systen is self-evident; however, it is worth 
clarifying the intent of a few of them: 

e "Optimizing" procedures are show for both the long and mid range 
planning to assist in the search for good performance targets and 
activity levels, respectively. "Good" in long range planning is 
measured by the degree to which goals and objectives? are 
achieved and in mid range planning principally by the degree to 


which performance targets can be met. 


lthe use of three distinct planning systems is illustrative rather than 
a technical requirement. Parts of the management panning system can be 
included in the strategic system and vice-versa. 


2objectives might include minimizing personnel shortfalls by CMF, mini- 
mizing personnel turnover, or minimizing overall cost (pay and allow- 
ances, bonuses, training costs, etc.). 
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e Personnel performance models are needed to determine the degree 
to which performance targets can be met as a function of activity 
levels and exogenous variables.! 

e Procedures are needed to estimate future environmental (economic, 2 
etc.) conditions! as input to the personnel per formance 


models. 


Se ee 


2.3 PERSONNEL LONG RANGE PLANNING 


The previous section provided an overview of the overall personnel 
planning process, including the information generated by long, mid, and 
near range planning and their interfaces. This section focuses on ten to 
twenty year personnel long range planning. It describes the conceptual 
ideas underlying the specific nature of "performance targets," lists 
information that should be included in a personnel long range plan 
(PLRP), and itemizes the components of a personnel long range planning 
systen. 

Consider first the conceptual basis for performance targets. At any 
point in time, personnel in the Army can be described by a large number 
of dimensions, including their component (enlisted active duty, officer 
active duty, enlisted USAR, etc.), demographics (education, sex, AFQT2 


category, etc.), years of service, career management field (CMF), and 


lalthough show only for the mid range system, it is reasonable to 


expect these methods would also be integral to the long range planning 
one, to the extent that exogenous variables can be estimated for ten to 
twenty years in the future. 


2The Army uses a Department of Defense battery, the Armed Services 
Vocational Aptitude Battery (ASVAB), to measure the aptitudes of all 
applicants. Scores are converted into Aptitude Area Scores and an Armed 
Forces Qualification Test (AFQT) score. The AFQT provides an estimate 
of verbal and mathematical ability. 


others. Combinations of these dimensions form personnel descriptor 


classes. Army personnel inventories can be described by the number of 


personnel in each descriptor class (e.g., the number of active duty, 
male, high school, category I individuals in CMF 11 having three to four 
years of service). Analytically, the manning system functions can be 
represented by the resultant flows of personnel into, among, and out of 
the personnel descriptor classes. From a long range planning perspec- 
tive, it is reasonable to consider three kinds of flows: accessions into 
a descriptor class, migration among descriptor classes, and separation 
from a descriptor class.! Activities accomplish the manning functions 

by changing the flows of personnel. The flows, in turn, can be described 
by their probabilistic characteristics and transition rates from one per- 
sonnel descriptor class to another (e.g., the number of accessions, by 
particular denographic characteristics, into CMF 11 per time period). 
Thus, performance of the manning systen can be represented by transition 
rates. 

It can be shown that the transition rates define unique, time-phased 
changes in the personnel inventory and, given the transition rates even- 
tually stabilize, a resultant long-term inventory whose size and com- 
position do not vary much in succeeding years. Eventually a “steady~ 
state" inventory will result in which the numbers of personnel in a 
descriptor class remains constant (even though there wil] continue to be 


significant dynamic flows into and out of descriptor classes). 


lretention in a descriptor class can be calculated directly given the 
migration or separation flows. 


2tn the ten to twenty year planning period. 
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Considering the discussions on long rang planning in section 2.2 and 


above, the conceptual basis for defining long range performance targets 


is summarized bel ow: 


(a) One purpose of personnel long range planning is to provide per- 


formance targets for mid and near range planning which will 


stabilize the manning system and lead to an objective force 


inventory. 


Manning system performance can be described by transition rates. 


The former is stable only if the latver are. 


Eventually-stable transition rates can be achieved if the objec- 


tive force requirement is relatively constant. 


Long range planning is rational only if long term requirements 


are relatively constant. However, it is not unreasonable to 


assume that Army force planners attempt to design a relatively 


constant objective force. 


Appropriately selected transition rates can lead to a relatively 


(e) 


constant objective force inventory. 


The logic of (a) through (e) suggests that: 


PERSONNEL LONG RANGE PLANNING INVOLVES IDENTIFYING A SET OF 
TIME-PHASED TRANSITION RATES AS PERFORMANCE TARGETS FOR MID AND 
AN APPROPRIATE PLAN IS ONE IN WHICH THE 


NEAR RANGE PLANNING. 
TRANSITION RATES EVENTUALLY STABILIZE AND, IF ACHIEVED, RESULT 
IN AN OBJECTIVE FORCE INVENTORY IN THE TEN TO TWENTY YEAR TIME 
PERIOD. 


Given this conceptual basis, a personnel long range plan (PLRP) 


should include the following information: 


| 
| 
| 
| 


e Long range requirements for Army personnel by appropriate person- 
nel descriptor classes. 

e DCSPER goals and objectives. Goals are qualitative statements of 
the DCSPER's mission and objectives are quantitative measures of 
the degree to which the DCSPER goals are achievable. 

e Assumptions regarding future exogenous factors (macro-economic 
environment, legislative policies, etc.). 

e A set of personnel transition rates as performance targets to be 
achieved by near and mid range personnel pl anviingel: 

e Resultant long range personnel inventories by appropriate person- 
nel descriptor classes. 

e Impact that the resultant personnel inventories will have on the 
degree to which DCSPER objectives are met. 

e Important contingent events which would necessitate significant 
modification of the PLRP (e.g., changes in economic or socio- 
cul tural enviroment, legislative policies, force requirements, 
etc.) and their likely impact on the PLRP. 

Although there exist a large number of personnel descriptors which 
could be used in describing personnel requirements, transition rates, and 
inventories in a PLRP, those used in long range planning should be more 
aggregated than those considered in operation of the manning system. A 
sufficient set of descriptors for a PLRP is given in exhibit 2-6. 
Appropriate combinations of these dimensions form personnel descriptor 


classes. 


lalthough they need not be included in the PLRP to meet CSR 11-15 
requirements, policies to achfeve these targets must be considered in 
development of the PLRP. 


a_i aa 
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EXHIBIT 2-6: PLRP PERSONNEL DESCRIPTORS 


General: 
e Component (AC, USAR, ARNG, IRR, CIV) 
e Sex (M, F) 
e Years of Service (1, 2,...20, > 20) 
e Discretionary Status (D, ND} 
e Dependents (Yes, No) 
Enlisted: 
e Education (HS, NHS, GED) 
e AFQT Category (I, II, IIIA, IIIb, IV) 
e Career Management Field (11, 12, 13,...9) 
e Grade or Skill Level (E-1/2, E-3,...E-7+) 
Warrant: 


e Occupational Codes (1-5, 10-16,...95-98) 


Grade (W-1,...W-4) 


Officer: 


Officer Accession Specialty (11, 12,...92) 


Grade (0-1/2, 0-3, 0-4,...0-7+) 


sant nts nan ananassae a Ml nant st nthe ee 


Although manual development of a PLRP is possible, an efficient PLRP | 
generation process will require use of a computerized personnel long 
range planning system. Principal components of such a system are noted 
below: 

e A personnel flow model which describes all relevant flows of per- 
sonnel into, among, and out of personnel descriptor classes and 
resul tant time-phased inventories. 

e Personnel performance models to assess the feasibility of rele- 
vant flow (transition) rates as a function of activity levels and 
exogenous variables. 

e Cost estimating relationships to determine pay and allowances of 
enlisted and officer personnel in the inventory, accession costs, 
and separation costs.! 

e Various data bases including a current inventory data base, a i 
policy data base (legislated policies, OCSPER objectives, current 
activity levels, etc.) and a personnel requirements data base. 
(The latter should be structured so that personnel requirements 
can be linked to systems that generated them to identify possible 
OCSPER proactive actions.) 

e A_search procedure to identify a “good" set of performance tar- 
gets. This may involve simple experimental evaluation of the 
degree to miich objectives are achieved with specified strategies 

: ® or use of more formal search procedures that identify strategies 

which accomplish objectives "well" while satisfying specified 


constraints. 


lother measures to evaluate a planning strategy such as turnover, 
! shortfalls, average quality of the force, etc., can be calculated 
| directly from the time-phased inventories and requirements. 
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3.0 DEMONSTRATION LONG RANGE PLANNING EXERCISE 


The previous chapter of the report described a conceptual basis for 
personnel jong range planning and indicated the kinds of information that 
should be included in a PLRP. This chapter summarizes results of a 
demonstration exercise to develop a PLRP -- referred to as the “demon- 
stration PLRP." The exercise was conducted to 

(1) determine if the information specified in the previous section 

could be generated and had utility to the personnel planners; 
and 

(2) identify research needs, data deficiencies, and method devel op- 

ments required to support effective personnel planning. 
Members of the personnel research, operations, and planning communities, 
including LTG Thurman (the Deputy Chief of Staff for Personnel), partici- 
pated heavily in the exercise. 

Section 3.1 presents a brief description of a personnel flow model 
developed for the demonstration exercise and how it was employed to 
develop the demonstration PLRP. (Technical details of the model and how 
available data were used are described in appendix A.) Section 3.2 pre- 
sents a summary of time-phased personnel requirements. (Detailed 
requirements are given in appendix B.) Goals and objectives used as 
guidelines to derive the demonstration PLRP are described in section 3.3. 
Section 3.4 summarizes the planned performance targets (transition rates) 
for the manning system. (Detailed flow rates are contained in appendix 
C.) Resultant personnel inventories for FY87, 91, and 2001 are presented 
in section 3.5. (Inventories for all years are given in appendix D.) A 


summary comparison of personnel requirements and planned inventories is 


2 eae cet AF Ag na pee ae) a ROR RMRREE ROI amet MeN 
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given in section 3.6. Principal observations from the demonstration 


exercise are summarized in section 3.7. 


oe pone pe es erm a 


3.1 PERSONNEL FLOW MODEL AND DEMONSTRATION USE 
As specified in previous sections of this report, personnel long : 
range planning involves identifying a set of transition rates by which 
individuals flow through the Army manning system (i.e., rates that indi- 
viduals are acquired by, migrate within, and separate from the Army) 
which, if achieved, will result in meeting Army personnel requirements 
ten to twenty years in the future. Identification of such rates requires 
a technique to relate candidate sets of rates to future personnel inven- 
tories. For this research effort, a Markov chain model was developed to 
represent the relationship between flow rates and future inventories. 
The model takes as input current inventories of personnel in various 
"states" of the manning system (where a “state” is synonamous with per- 
sonnel descriptor class), numbers of annual accessions of individuals 
into each of the states, and probabilities with which individuals migrate 
among states and separate from service. Output of the model consists of 
personnel inventories in all states for all future years, including 
Jongrun or "steady-state" inventories. The model is based on the assump- 
tion that all individuals in the manning system behave independently in 
accordance with the same Markov process -- a process by which only the 
last state occupied is relevant in determining an individual's future 
behavior. Technical details of the model are described in appendix A. 
For the demonstration exercise we considered only the active duty- 


enlisted component of the Army and the following personnel descriptor 


dimensions: 
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career management field (30 CMF); 

AFQT category (I-IIIA, IIIB, and IV); 

education (high school, non high school); 
@ sex (male, female); and 


e years of service (YOS = 0-1, 1-2,...,19-20, 20+). 


The model was used experimentally to search for and evaluate 


alternative sets of transition rates as manning system performance tar- 
gets to identify one that achieved the DCSPER's objectives. Data regard- 
ing historical transition rates were used as initial performance targets 
as a starting point for the experimental search. Deviation of the ini- 
tial rates is discussed in section A.3 of appendix A. 

As specified in CSR 11-15, the long range planning horizon is ten to 
twenty years. Accordingly, planning information was generated by the 
model for the years 1991 through 2001 in the demonstration planning exer- 
cise. Some data were developed for earlier years to reflect the transi- 


tion from the POM years to the long range planning period. 


3.2 PERSONNEL REQUIREMENTS 


This section contains sunmary personnel requirements assembled dur- 
ing the demonstration exercise. Detailed requirements and their deriva- 
tion are given in appendix B. 

Exhibit 3-1 graphically displays the total enlisted force require- 
ments for the planning period FY91-FY2001. The FY82 and FY87 require- 
ments are show as points of reference. The exhibit reflects a growth 


requirement from the 678,000 in FY82 to approximately 701,000 in FY87, 


lin contrast to the use of more formal search procedures. 
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751,000 in FY91, and 829,000 in FY98. The growth of approx imately 
150,000 enlisted personnel reflects requirements for the Division 86 


structure and a “plus-up" in the ALO. FY99-FY2001 requirements are 


assumed to be the same as FY98, the furthest projection from ODCSOPS. 

The distribution of personnel requirements by CMF for the long range 
planning period is shown in exhibit 3-2. This demand by specialty area 
reflects changes inherent in the Army's modernization program. Exhibit 
3-3 depicts the personnel requirements by AFQT category and by years of 
service for each of the planning years. The AFQT category is an indica- 
tion of the input quality of personnel deemed necessary to man the Army's 
new systems, and the years of service distribution is a proxy for experi- 


ence required in the force. 


3.3 GOALS AND OBJECTIVES 


The demonstration Personnel Long Range Plan was developed under the 
assumption that the time-phased personnel requirements given in section 
3.2 were fixed, and that requirements would be met by supply-side con- 
trols.) Supplies (inventories) can be varied by controlling accession, 
migrations, and separations (individually or in combination), by any of 
the demographic descriptors noted in section 3.1. Accordingly, many PLRP 
could be designed which, to different degrees, "meet" the personnel 
requirements. This section presents the goals and objectives which were 


used to guide the kinds of controls employed in developing the 


las indicated in the previous chapter, personnel planning should also 
ultimately involve proactive interactions with force and RDA planning. 
Such interactions could result in changes to personnel requirements as 
one means of assuring that future inventories will meet the demand for 
personnel .v 


FISCAL YEAR 
1993 1994 {995 1996 {997 1998 #999 2000 2001 


ARMY ENLISTED PERSONNEL REQUIREMENTS (IN THOUSANDS) 


EXHIBIT 3-2 
1992 
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demonstration PLRP and the degree to which requirements were met by the 
demonstration PLRP. 
The quantitative objectives specified by the DCSPER for use in 
developing the demonstracion PLRP are listed below. 
(1) The annual inventory shall be within one percent of the annual 
requirement for each year in the long range planning horizon. 
(2) Inventory by CMF shall be within the CMF requirement bounds 
noted below for FY87 and FY91: 
© CMF 11, 13, 16, 19 + 2% of requirement 
© CMF 27, 28, 29, 33, 63 + 2% of requirement! 
© CMF 96, 98 + 2% of requirement 
e CMF 64, 76, 95 + 8% of requirement 
NPS enlistments for 1987 should not exceed the following 
bounds: 
@ male, high school, category I-IIIA < 45,000; 
@ male, non high school, category I-I[IIA < 15,000; and 
e female, high school, category I-IIIA < 11,000. 


For each year in the long range planning period 


Male, NPS Enlistments -33 Total NPS 
< Enlistments . 


in CMF 11, 13, 16, 19 


NPS enlistments should be distributed such that each CMF 
receives appropriate accessions to insure a reasonable 


time-phased year of service distribution in each CMF. 


Icould be relaxed to + 5% if required. 
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(6) Male high school NPS enlistments must be at least 65 percent of 


the total NPS enlistments. 


. (7) Category IV NPS enlistments in FY83 must not exceed 20% of the 
FY83 total NPS enlistments. 
(8) The number of personnel with greater than four years of service 
: must not exceed 55 percent of the total inventory. 
The means of accomplishing these objectives were guided by the fol- 
- lowing qualitative goals: 
(1) Accomplish the objectives so that the manning system can oper- 
ate in a relatively stable fashion (i.e., planned accession, 
‘; migration, and separation rates do not change significantly 
during FY91-FY2001). 
(2) Accomplish the objectives by developing a versatile! demon- 
e Stration PLRP which has the flexibility to be adapted readily 
if significant changes occur in 
(a) personnel requirements ; 
’ (b) the rate at which personnel stay in the Army: (because of 
changes in the economic environment); and/or | 
(c) the ability to attract new recruits (because of changes in ; | 
® the economic, political, etc. environment). : 
, | 


lsee Versatility: An Objective for Military Planning, keynote address 
presented at the 37th nits Operations Research Sao tint US Army 

r Air Defense Center, Fort Bliss, Texas, 22 June 1976, Seth Bonder, Vector 
Research, Incorporated, Ann Arbor, Michigan; for a discussion of versa- 


tility planning concepts. 


3.4 PLANNED PERFORMANCE TARGETS 


As previously noted, planned performance targets are accession, 


migration, and separation (or stay!) rates indexed by CMF, demographic 


descriptors (sex, education, AFQT category) and years of service. This 

section of the demonstration PLRP presents a summary of time-phased per- 
formance targets which, if met, will insure that the manning system can 

accomplish the goals and objectives specified in section 3.3. Detailed 

performance targets are given in appendix C. 

In order to accomplish the planning objectives and adhere to the 
guidelines specified by the planning goals, the overall size requirements 
were achieved by controlling both accession rates and separation rates, 
rather than focussing solely on accessions. This facilitates 

(1) moderately increasing accession rates through FY91 and constant 

thereafter, rather than excessively low accession rates through 
the POM years (because of high stay rates due to the current 
economic conditions) and excessively high accessions in the 
FY88-FY96 (because of significant growth in total require- 
ments); and 

the flexibility of having two major controls -- "front door" 
and "back door" -- to accommodate significant changes in down- 
stream requirements and/or possible decreases in current stay 
rates if the economic climate improves. (The latter might only 
require relaxing some of the first-term reenlistment con- 


straints designed into this demonstration PLRP.) 


lappendix C describes the relationship between separation and stay 
rates. 
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The force composition requirements were accomplished by controll ing 
the accession distribution among CMF, limiting in-migrations to overage 
CMF, and selectively reducing first term reenlistments based on observed 
performance. The latter provides the flexibility of surgically structur- 
ing the quality of the force after a three to four year review of actual 
performance. Additionally, selective reenlistment can be used to encour- 
age migration to undermanned CMF. 

As previous! y noted, the demonstration PLRP was developed using his- 
torical accession, migration, and separation rates as a starting point. 
The manning system performance targets for the demonstration PLRP were 
then obtained by experimentally altering many of the historical rates 
until the planning objectives were achieved. The four classes of con- 
trols used in the demonstration exercise are listed below: 

(1) Future accessions were specified. FY88-FY90 accessions are 
lower than the FY87 accessions specified in the POM, and the 
FY91-FY2001 are approximately 6 percent higher. 

Migrations into 13 overage CMF (fran other CMF) were reduced 
appreciably. 

After 1982, reenlistments of individuals who did not per forn 
well during their first term were prohibited. Since per form- 
ance is correlated with AFQT category, this control was repre- 


sented by reducing first term reenlistment by 75 percent for 


category IV individuals and 25 percent for category IIIB 


individuals. 
The mix of NPS accessions was changed significantly from previ- 


ous years, 
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Appendix C contains detailed tables of all the time-phased manning 
system performance targets (accession, migration,.and separation rates) 
developed for the demonstration PLRP. Additionally, it has historical 
year of service 0-1 separation rates and retraining data which were used 
in developing the demonstration PLRP. Summary tables describing the 
time-phased manning system performance targets are given in the remainder 
of this section. 

. Exhibit 3-4 summarizes the distribution of NPS accessions among CMF 
for FY82-FY2001. The bottom row presents the total accessions for the 
noted year and each column presents the percent of the accessions in each 
CMF. Thus, for example, the armor CMF should access 4590 individuals in 
1988 out of 122,400 total NPS accessions. 

Exhibits 3-5 through 3-14 summarize the distribution of target NPS 
accessions by CMF and demographic characteristics for FY87 through 
FY2001. The first table for each year shows the distribution by AFQT 
category and CMF. The second table for each year chows the distribution 
by CMF, AFQT category, education, and sex. As noted in exhibits 3-13 and 
3-14, the target NPS accessions remain constant for the long range 
planning period FY91-FY2001. 

Exhibits 3-15 and 3-16 summarize the total number of target prior 
service (PS) accessions for FY87-FY2001 and their distribution by CMF and 
demographic characteristics. Exhibit 3-15 shows the distribution by CMF, 
AFQT category, and prior year of service class. The distribution of PS 
accession targets by CMF, AFQT category, education, and sex is given in 
exhibit 3-16. 


Exhibit 3-17 and 3-18 summarize the target migration flows into CMF 


(from other CMF) for FY91. (As explained in the exhibits, the migration 
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pool is a "net" migration pool because of the form of available data used 
in the demonstration exercise.) The target in-migration flows are given 
by CMF, YOS, and AFQT category and by (MF, education, sex, and AFQT 
category. 

Target outflows from CMF for FY91 are summarized in exhibits 3-19, 
3-20, and 3-21. Individuals who leave CMF either separate from service 
or migrate to another CMF. (Because of the form of available data, this 
demonstration exercise considered that out-migrations enter a migration 
pool for distribution to other CMF.) Exhibit 3-19 depicts the target 
separations and out-migrations by CMF, sex, and AFQT category. The dis- 
tribution of target separations and out-migrations by CMF, education, and 
AFQT category are show in exhibit 3-20. The target separations and 


Out-migrations by CMF and years of service are given in exhibit 3-21. 


3.5 PLANNED PERSONNEL INVENTORIES 


The previous section! presented the long range performance targets 
to be achieved by the manning system. The performance targets are acces- 
sion, migration, and separation annual flow rates by CMF, various demo- 
graphic characteristics, and years of service. If achieved, these target 
flow rates define unique time-phased changes in the personnel supply 
inventories over the long range planning horizon (FY91-FY2001) and the 
transition period to FY91. This section presents resultant personnel 
inventories for FY87, FY91, and FY2001. Inventories for all years are 


contained in appendix D. 


land appendix C. 
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Exhibits 3-22 and 3-23 present the total expected inventory for FY87 
and the percent distribution of that inventory by CMF, YOS and demo- 
graphic groupings. These tables contain useful information about the 
inventory composition. For example exhibit 3-22 shows the distribution 
by CMF, YOS, and AFQT category. From this exhibit we observe that in 
FY87: 
@ 35.62 percent of the force (250,154 individuals) have between 
2-6 years of service, and 57 percent (20.69 - 35.62) are category 
I-IIIA, 

e 11.25 percent of the force (79,639 individuals) have between 
6-10 years of service and 47 percent (5.29 - 11.25) are category 
I-ITIA, 

@ 9.69 percent of the force (68,596 individuals) have between 
10-14 years of service and 42 percent (4.06 - 9.69) are category 
I-[ITA, 

© Approximately 54.3 percent of the total force are category 
I-ITIA, 

Exhibits 3-24 through 3-27 present similar information for the FY91 
and FY2001 inventories. Using the data in exhibits 3~22, 3-24, and 3-26, 
exhibit 3-28 shows the time-phased changes in quality of personnel by YOS 
grouping in the force for FY87 to FY2001. Although the input quality 
(YOS 0-2) remains relatively constant, under this demonstration PLRP the 
percent of the total force that are AFQT category I-IIIA increases out to 


FY2001. Significant quality increases occur in all supervisory year of 


service groupings during the transition and long range planning perfods. 
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EXHIBIT 3-28: CHANGES IN FORCE QUALITY FOR FY87 TO FY2001 


Sa 


Percent Category I-IIIA 


Fve7 = FYQL = FY2O0L 
Total Force 54.3 56.9 59.9 
YOS 0-2 58.3 58.3 58.4 
YOS 2-6 57.0 61.5 61.6 
YOS 6-10 47.0 61.5 65.8 
YOS 10-14 42.0 44.9 61.8 
YOS 14+ 49.4 45.4 53.3 
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3.6 COMPARISON OF FUTURE REQUIREMENTS AND INVENTORIES 


Section 3.2 and appendix B present time-phased personnel require- 
ments data, and section 3.5 and appendix D0 give the annual personnel 
inventories that result from implementation of planned performance tar- 
gets! under this demonstration PLRP. The demonstration PLRP was 
developed to accomplish the goals and objectives described in section 
3.3. This section summarizes the degree to which the planning objectives 
were achieved in the demonstration exercise. 

Exhibit 3-29 graphically portrays the time-phased correspondence 
between total personnel requirements and total inventories for the long 
range planning period (FY91-FY2001). Exhibit 3-30 provides similar 
information in tabular form. This table shows that the inventories and 
requirements differ by no more than one percent for each year FY82 to 
FY2001 as specified by the first planning objective (section 3.3). Addi- 
tionally, the table indicates that the average YOS of the force increases 
until FY88-89 by .65-.70 years and then remains relatively constant over 
the long range planning period. 

Exhibit 3-31 presents a comparison of personnel requirements and 
inventories by CMF for FY87, FY91, and FY2001. Detailed comparison of 
the percent differences by CMF in this table would show that the demon- 
stration PLRP is well within the bounds specified in the second planning 
objective. Although the objective did not require close correspondence 
by CMF in FY2001, the demonstration PLRP FY2001 inventory is within al] 
the specified bounds, except for CMF 27 and CMF 76 which are both off by 
approximately two percent. The former is high by 200 individuals (2800 
required) and the latter is short by 6000 (59,400 required). 


Ipescribed in section 3.4 and appendix C. 
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All the accession planning objectives (3 through 7) specified in 
section 3.3 are achieved with the exception of those noted below: 
@ The number of male, non high school, category I-IIIA accessions 
in FY87 exceeds the objective by eight percent. 
@ The accessions in CMF 28, 81, and 92 may be lower than 


desirable. The accessions for each average about four percent of 


its corresponding CMF inventory. 


The number of personnel with greater than four years of service does not 


exceed 55 percent of the total inventory in any year (objective 8). 
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4.0 OBSERVATIONS 


As noted earlier, the demonstration exercise was conducted to assess 
the feasibility and utility of the long range planning concepts described 
in section 2.3 and to identify research needs to support effective per- 
sonnel long range planning. A review of the denonstration exercise 
effort by the project team suggests the following relevant observations: 

(1) The conceptual ideas for Army personnel long range planning 
developed in this research can be implemented, and the 
recommended content of a PLRP can be generated. Although the 
demonstration PLRP was developed only as “proof of concept ," 
interactions with personnel planners during the exercise sug- 
gests that personnel long range plans containing similar kinds 
of content would be useful to the personnel planning community. 
The demonstration exercise allowed personnel planners to see 
the long range impact of personnel policy decisions on the 
composition of the total personnel inventory. 

(2) Although some personnel flow rate data were available to demon- 
strate feasibility and utility of the planning concepts, the 
data were not at the level of detail or the quality desirable 
for Army personnel planning. The project team identified 
the need for a complete longitudinal data base from which 
credible migration rates and other flow rate data required for 


effective personnel planning could be estimated. 


Isee section 4.2 in appendix A for assumptions required to use the 
data. 
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(3) Performance targets (e.g., time-phased accession rates, separa- 
tion rates, etc. by personnel descriptor class) for personnel 
planning were developed as part of the demonstration exercise. 
However, we learned that the spectrum of relationships needed 
to examine the feasibility of achieving the targets did not 
exist, nor did relationships exist to determine the interaction 
effects of required rate changes. For example, 

@ re the required accessions feasible in forecasted 
economic environments? 
Will restricting accessions to specific CMF significantly 
affect the total number of accessions? 
Will forced in-migrations decrease the retention rate? 
What impact will control of the reenlistments by CMF and 
personnel quality have on overall retentions? 
Research is required to develop personnel performance models 
which relate behavioral flow rates (accessions, retentions, 
etc. by personnel descriptor class) to activity levels and 
exogenous variabl es.! Considering the sensitivities observed 
in the demonstration exercise, and the interest in developing 


“versatile” personnel long range pl ans ,¢ performance model ing 


research priority should be on personnel retention (separation) 


and accession rates, in that order, with a lower priority 


assigned to development of migration rate models. 


lalthough we have not conducted an exhaustive review of ongoing 

research of this kind, we are aware that some are currently underway. 

In such cases, this observation is intended to substantiate the require- 
ment for then. 


2goal (2) specified in section 3.3. 


(4) 


(5) 


(6) 
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The demonstration exercise considered only the enlisted active 
duty component of Army personnel and a limited set of descrip- 
tors for that population. An operational long range planning 
system will require scope enrichment of the demonstration 
methodology to include expanded descriptor dimensions 
(dependent status, discretionary status, more disaggregated 
specialty codes, etc.) and other components of the Army. With 
respect to the latter, a logical next step would be inclusion 
of active duty officers and warrant officers. 
In the demonstration exercise, we employed experimental inaced: 
ures to identify one set of time-phased, transition-rate 
(accession, migration, and separation) targets which, if 
achieved, would result in future force inventories that met the 
demonstration objectives and goals. While it was possible to 
identify such a set experimentally, it was not a trivial effort 
even in the simplified demonstration exercise. Since personnel 
planning will involve a broader spectrum of objectives and con- 
straints, and should consider the literally millions of feasi- 
ble sets of targets, it would be useful to incorporate more 
formal techniques in the planning system to search for and 
evaluate large numbers of alternative personnel long range 
plans. 
In the exercise, we developed a demonstration PLRP considering 
a number of supply and supply-demand objectives. Although not 
included in the demonstration exercise, pay and allowances, 


accession costs, and separation costs were considered an inte- 


gral component of a personnel long range planning system. 
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Based on the demonstration exercise it is clear that it would 
be useful to include “operational” costs (e.g., costs of 
improper maintenance) in personnel planning. Research is 
needed to estimate operational costs as a function of personne} 


demographic characteristics (education, aptitude scores, etc.) 


in projected inventories. 


APPENDIX A 
MODEL FOR DEMONSTRATION PERSONNEL LONG RANGE PLANNING 


Long range performance targets for the Army manning system consist 
of rates describing the acquisition of personnel by the Army, migration 
of personnel within the Army, and separation of personnel from the Army 
during the FY1991 to FY2001 time period. The purpose of personnel long- 
range planning is to establish performance targets which, if achieved, 
will result in accomplishment of the long range mission requirements of 
the manning system. These mission requirements consist of personnel 
requirements to man the Army 10 to 20 years in the future. Accordingly, 
it is necessary to have a quantitative technique for determining perform- 


ance targets which will lead to specific future personnel inventories. 


This appendix describes the technique used for this purpose in developing 


the demonstration PLRP. 

As noted in section 2.0 of the main text, there are two general 
approaches which can be used in determining "good" performance targets: 
a prescriptive approach and a descriptive approach. A prescriptive 
approach generates performance targets which accomplish the objectives of 
the manning system well (e.g., for minimum cost), while meeting other 
constraints of the system (such as congressional limitations on acces- 
sions and end strengths). An optimization technique (e.g., mathematical 
programming) is an important part of such an approach. A descriptive 
approach evaluates potential performance targets to determine whether 
they accomplish the objectives of the manning system. This approach 
requires the user of the methodology to generate the potential perform- 


ance targets, and to modify these potential targets experimentally when 


! 
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the descriptive methodology indicates that the current potential targets 
will not meet the manning system's objectives. 
Ultimately, both approaches would be a useful part of a personnel 
long range planning system: the prescriptive approach would provide an 
efficient way to identify “good” PLRP, while the descriptive approach 
would allow investigating the impact of specific changes to the plan. 
For this demonstration exercise, only a descriptive approach was used. 
The specific methodology used was a form of a Markov chain model 4 
which predicts future personne! inventories in various “personnel des- 
criptor classes" which will result if a particular set of acquisition, 
migration, and separation rates are achieved. This appendix describes 
the details of this model. Section A.1 presents the overall structure 
and assumptions inherent in the model, while section A.2 contains mathe- 
matical details of the model. Section A.3 explains the process by which 
an initial set of potential performance targets was generated. These 
initial targets were used as a starting point from which experimental 
variations were made until a set of performance targets was identified 
which would achieve the objectives considered in the demonstration 


exercise. 


A.1 MODEL STRUCTURE AND ASSUMPTIONS 
The model used in developing the initial PLRP is a version of a 
Markov chain model sometimes referred to as a Markovian ponulation mode} 


or a vector Markov process. Such a model describes the flows of a 


Isee, for example, Howard, Ronald A., Dynamic Probabilistic Systems, 
Volume I: Markov Models, 1971. 


A-3 


population of individuals among states of a system. In the context of 
the manning system, the “individuals” are Army active duty enlisted per- 
sonnel and the "states" of the system consist of 7560 personnel descrip- 
tor classes in which an individual may be at any point in time. The 
classes are distinauished by the following descriptors: 
(1) Career Management Field (30 possible CMF, from 11 through 98); 
(2) AFQT category (three possible categories -- I-IIIA, IIIB, or IV); 
(3) education level on entry into service (either HSDG or 
non-HSDG) ; 
(4) sex (male or female); and 
(5) years of service (21 possible groups, including 0-1, 1-2, ..., 
19-20, and greater than 20 years). 
An example of an individual in a particular state would be a male high- 
school graduate in AFQT category IIIB with four to five years of service 
who is currently in CMF 11. For a given set of (1) transition probabil- 
ities among these states, (2) probabilities of leaving service from any 
state, and (3) annual number of individuals who are accessed into each 
of the states from outside the Army, the model describes the number of 
individuals who will occupy each state at the end of each fiscal year for 
20 years into the future, and in the long run or “steady state.” 
Three assumptions are inherent in using a Markovian population 
model : 
(1) Each individual in the system is governed by a Markov process. 
That is, for each individual only the last state occupied is 
relevant in determining the individual's future behavior. 
(2) The same Markov process governs the behavior of all individuals. 
That is, the same transition probabilities describe the future 


behavior of every individual occupying a given state. 
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(3) All individuals behave independently. 
These assumptions would seem to hold approximately in the Army's person- 
nel system. 

Direct determination of future inventories for a Markov chain con- 
sisting of 7560 states would be a formidable task. Fortunately, the 
manning system has certain characteristics which allow restructuring the t 
problem into one which can be solved efficiently. The first character- 
istic is that an individual in the system never changes sex, eaucation, > 
or AFQT category. Thus, an individual in one of these 12 "fixed demo- 
graphic croups" will always remain in that group and can only “migrate” 
among years of service and CMF. Furthermore, migrations among years of 
service occur in a very systematic way. It follows that, from one year 
to the next, an individual in a particular fixed demographic group wil] 
remain in that fixed demographic group and will either: 

(1) leave service, 

(2) remain: in the same CMF with one additional year of service, or 

(3) migrate to another CMF and accrue one additional year of 

service. 

In what follows, the pessibility of the individual leaving service is 
treated only implicitly (i.e., an individual who does not stay in the 
same CMF or migrate to another is assumed to leave service), so that each 
individual has only 30 possible explicit transitions from one year to the 


next. 


4.2 DETAILS OF THE MODEL 


Consider one of the 12 fixed demographic groups and define the fol- 


2wing variables for each such grcup: 
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Ny(y,t) = number of individuals in the group who are in CMF i ({ = 
1, «+, 30) and in year-of-service (YOS) group y (y = 1, 
sees 21) at the end of fiscal year t (t = 0, ..., 20, and 
t =a). Note that YOS group y corresponds to individuals 
with between y-1 and y years of service {if y < 20 and to 
individuals with more than 20 years of service if y = 21. 
Fiscal year t = 0 for the base or starting year (FY1981); 
t = « corresponds to steady-state conditions. 

Ai (y,t) = number of accessions from the fixed demographic group 
into CMF i and YOS group y (where y = 0 for non-prior- 
service accessions) during fiscal year t. 

pij(y) = probabilty an individual in the fixed demographic 
group and in YOS group y is in CMF j at the end of the 
fiscal year given the individual was in CMF i at the 
beginning of the fiscal year.) If y = 0, the 
probability applies to new NPS accessions during the 
period until the end of the fiscal year in which an 
individual enters service.2 Note that 


ree Piz ly) is the probability an individual leaves 
J 


service. 


lthere are currently two versions of the model. In one version, 

py; (y) is assumed to be constant for all fiscal years while, in the 
other version, py;(y) is allowed to vary with fiscal year. The 

first version is described here; for the second version simply replace 
all occurences of Py (y) with Piz lyst). 


2this set of probabilities is sometimes referred to as “retraining 
data." 
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Values of pi ;(y), Ny(y.0), and Aj(y.t) are inputs to the model, 
and constitute a trial set of performance: targets for the personnel 
system. The model uses these values to compute Ny (yt) for ali t> 0, 
which then can be compared to futire personnel requirements to determine 
whether the trial performance targets will achieve the objectives of the 
personnel system. 

The following equations describe the computations of the Ny(y,t): 

Nj (1,t) “2 Aj(0,t) 945 (0) 


fCals: s0..20)5 [1] 
Ni(yst) = Aj(y-1, t) +2) Ny(y-1, t-1) p5y(y-2) 
J 


(y=2, eos 20; tel, eens 20), [2] 


Ni(21,t) = Ay(20,t) + Ay(21,t) + 2 Ny(20, t-1) p54 (20) 
j 


+ 2 Nj (21, t-1) pjy(21) 
j 


(t=l, coos 20), [3] 
Ny(1,@) = 2 Aj(0,0) py 4 (0), [4] 
J 


Ni(y sm) = Ay(y-Lse) + 2) Nj(y-1.0) pyy(y-1), 
J 


(y=2, ..., 20), [5] 


and 


Ny (21,2) = A; (20,0) + A; (21,@) + > N; (20,0) P54 (20) 
J 
+ 7 Nj(21,@) py4(21). (6) 


Exhibit A-1 is a pictorial representation of the flows described by these 
equations for a single fixed demographic and YOS group. Note that [1] 


and [4] can bs computed directly from input data; [2] and [3] can be 


*y ueak ut A dnoub so, pue dnoub stydeubowap paxiy ayburs e ul S_eNPLAtpuL oy 


QD, Asas 
jo 3nQ 


$aa7S} (uz 
(24 3uUa70g JO 
uos eqndog 


13008) NIVHD AOXUVW SHL NI SMOTS = -L-V LIGIHXS 


A-8 


solved directly, year by year, using the results from year t-1 to deter- 


mine Ni(y,t); and [5] can be solved directty, YOS by YOS, using the 


results from YOS y-1 to determine Nj (y,0). This latter observation has 


significant computational implications: this problem is structured in 
such a way that most steady-state results can be obtained without per- 
forming the usually-required matrix inversions. However, solution of [6] 
does require a 30 by 30 matrix inversion (or an approximation) because 
the N; (21,0) are all interrelated. 

Solution of the above equations for each of the 12 demographic 
groups in turn provides all future personnel inventories corresponding to 


a given set of performance targets. 


A.3 GENERATING TRANSITION PROBABILITIES FOR THE MODEL 

In order to provide a starting point from which to generate the 
demonstration PLRP, initial performance targets were identified for use 
with the Markov chain model. These potential targets were then adjusted 
(within a set of limits identified as constraints on the manning system) 
until the corresponding future personnel inventories predicted by the 
model met the objectives of the manning system. This section describes 
how the initial performance targets were derived, with emphasis on the 
development of the required transition probabilities. 

As indicated in the previous section, the model requires the follow- 
ing information as input for each of the 12 fixed demographic groups: 

(1) Ny(y,0) for t=1, ..., 30 and y=l1, ..., 21 -- the starting 

inventories of personnel in the manning system (at the end of 


FY1981); 


A,(0,t) for i=l, ..., 30 and t=1, ..., 20, and t> 20 -- the 
numbers of NPS accessions in each future fiscal year; 
Ay(y,t) for isl, ..., 30, yal, oe, 21, and t=#1, ..., 20, and 
t > 20 -- the numbers of prior-service accessfons in each 
future fiscal year; and 

(4) p45 (y) for i=l, ..., 30, j=l, ..., 30, and y=1, ..., 21 -- 
the transition probabilities from CMF i to CMF j. 


The following paragraphs describe the sources of initial values for each 


of these four types of data. 

The starting inventories for individuals with at least one year of 
service were provided by the DCSPER Manpower Task Force. Starting inven- 
tories for individuals with less than one year of service were devel oped 
from FY1981 accession data provided by the Recruiting Command. Retrain- 
ing data collected within ODCSPER were used to convert these accessions 
to end-of-year inventories by adjusting for separations from service 
which occurred between the time a recruit entered service during FY1981 
and the end of the fiscal year. 

Future overall NPS accessions for each fixed demographic group were 
assumed to be comparable to accession rates already projected for the 
near term. The distribution of these accessions among CMF was assumed to 
be in the same proportions as achieved in FY1981, as indicated in data 
provided by the Recruiting Command. 

Prior-service accessions were derived from a combination of sources. 
Total accessions for a given year were assumed to be equal to accession 
rates already projected for the near cei. The distribution of these 


accessions among demographic classes and YOS groups was derived from 
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DCSPER Manpower Task Force data, as discussed below. The distribution 
among CMF was assumed to be in proportion. to the FY1981 force inventory. 
Initial values for the transition probabilities for individuals 
other than new recruits were derived primarily from stay rates and migra- 
tion rates provided by the DCSPER Manpower Task Force. The Manpower Task 

Force data were developed using Army personnel records from FY1977 
through FY1980. Because of changing economic conditions, the rates were 
adjusted slightly to conform to the best available estimates of future 
Army separation rates. Separation rate data from DCSPER Report 411 were 
inputs to this adjustment process. Transition probabilities for new 
recruits were based on stay and migration rates (retraining data) derived 
from data collected within ODCSPER. Because the computation of the tran- 
sition probabilities was not straightforward and required additional 
assumptions about the flows of individuals in the manning system, the 
remainder of this section discusses this computation in detail. 

As noted above, the data available for use in generating transition 
probabilities for this demonstration PLRP were in the form of stay rates 
and migration rates. These rates can be defined as follows for individ- 


uals in one of the 12 fixed demographic groups. Consider some historical 


fiscal year h and let ny j(ysh) be the number of individuals in YOS 


grcup y who migrated from CMF i to CMF j during fiscal year h.’ It is 

assumed here that, in addition to the 30 CMF values, i or j can take on 
the value 0, corresponding to "not in service." As before, let Ny (y sh) 
be the number of personnel in CMF i and YOS group y at the end of fiscal 


year h. Then 
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S;(y) = stay rate for CMF i and YOS group y 
Nyy, hel) - nyo(y,h) 
Ni(y, h-1) 
and 
M;(y) = migration rate for CMF i and YOS group y 
Donsi(ysh) -  miylysh) 
j#i k#i ,0 
: Ny(y, h-1) ; 


In words, the stay rate is the fraction of the previous end-of-year 
inventory which did not leave the Army during year h. The migration rate 
is the net fraction of the previous end-of-year inventory which stayed in 
the Army and migrated to CMF i during the fiscal year. Note that 
M;(y) includes in-migrations from state 0 (representing prior-service 
enlistments), but not out-migrations to state 0. The latter are 
accounted for in S;(y). Note further that S;(y) is always a number 
between 0 and 1, while My(y) may take on any value greater than or 
equal to -1. A negative M;(y) corresponds to a CMF (and ‘ixed demo- 
graphic and YOS group) for which there were more out-migrations than in- 
migrations. 

Unfortunately, the stay and migration rates do not contain suffi- 
cient information to allow direct computation of pyj(y). In 


particular, 


lactually, the stay and migration rates provided by the Manpower Task 


Force are averages of three years' worth of S; and M; values. The 
development which follows ignores this averaging process under the 
assumption that the resultant rates are representative of rates for a 
single year, as defined above. 


LL 


i 


i a De 
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because M; (y) represents only net migrations into CMF i, the 
rates do not allow separate determination of the total 
migrations into the CMF and the total migrations out of the 
CMF; and 

because M;(y) represents all migrations associated with CMF 

i, the rates do not allow determining the CMF from which or to 
which the individuals migrated. 


In order to develop p4j(y) values from the stay and migration rates 


in spite of these difficulties, two assumptions were made in developing 


the demonstration PLRP: 


(1) 


It was assumed that the net migrations represented by M;(y) 
were the total migrations associated with CMF i. Thus, if 
M;(y) was positive, there were assumed to be only 
in-migrations, while if M;(y) was negative, there were 

assumed to be only out-migrations. 

It was assumed that, given an individual migrates between CMF, 
the CMF to which he migrates does not depend on the CMF from 
which he migrated. The effect of this assumption is that 
individuals migrating from any CMF can be represented as enter- 
ing a “migration pool;" individuals migrating to a CMF are then 
draw from the migration pool. The impact of this aSsumption 
on the Markov chain model is illustrated in exhibit A-2.! 

(The new notation included in the figure is defined below.) 


lit should be noted that, in spite of this limitation imposed on the 
Markov chain model by the available data, the more general model struc- 
ture described in section A.2 was retained so that actual PLRP could be 
developed using the full generality of the model. 
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Under the second of these two assumptions, values of pyz(y) can 


be computed as follows for i # j: = 


Paz(y) = Py Cy) pyly), 
where 
f Py...) = probability an individual in a fixed demographic group 
and in YOS group y migrates out of CMF i during a 
a fiscal year, and | 
\ pj(y) = probability an individual in a fixed demographic group 
s and in YOS group y who migrates between CMF during a fiscal 
year will migrate to CMF j. 
. Expressions are therefore needed for computing pyi(y), py .(y); 
‘and p.;(y) from the stay and migration rates. 
To generate these values, first define A, (y,h) to be the total 
number of prior-service enlistments in historical year h, in YOS group y, 
and one of the fixed demographic groups. Using the above definition of 
My(y) it is easy to show that 
A (y,h) = ps Mi (y) Ny(y,h-1). 


If one assumes that A (ysh) was distributed among CMF in proportion to 
the net in-migrations into each CMF, Ay (y,;h) can be computed as 
follows: 
0 if My) <0 
Mi (y) Nq(y,h-1) 


Ay(ysh) = § A, (y,h) 
p> max[0,My(y)] Ny (y,sh-1) 


if Mi(y) > 0. 


These approximate values for historical prior-service enlistments can now 


be used to adjust Mj(y) so that it will include only in-migrations of 


individuals from other CMF (i.e., so as to exclude prior service 
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enlistments from the migration rates, since these enlistments are 
explicitly included as input to the Markov chain model). If Q (y) is 
the adjusted migration rate, it can be computed as follows: 

A; (yh) 

Ny (yh-1) 


Assumption (1) above can now be used to compute py;(y), py_(y), 


A (y) = My(y) - 


and p.j(y) from Ri (y), Sj (y), and Ny (y,h-1): 
pys(y) = Sy(y) + min CO, &(y)I, 
py .(y) = max [0, -;(y)], 


max [0, Qi (y)] Nj(ysh-1) 


p_;(y) . 
- 2 max (0, %(y)] Ny(ysh-1) 


The above expression for p34 (y) simply says that the proportion of 
individuals who stayed in the same CMF equals the proportion of individ- 
uals in the CMF who did not leave the Army minus the net proportion who 
migrated to other CMF. The value of pj, is the net proportion of 
individuals in the CMF who migrated to other CMF. The numerator of the 
expression for Pj is the net number of individuals who migrated to 

CMF j, while the denominator is the total number of net in-migrants to 
all CMF. The resultant ratio is tnus the fraction of total net in- 
migrants who migrated to CMF j. 

The above development requires the use of force inventories, 
Ny(y,h-1), for the beginning of historical fiscal year h for which the 
stay and migration rates were provided. However, the stay and migration 
rates provided for this demonstration exercise were based on a three-year 


historical average, and the corresponding inventories for these years 
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were not available within the time frame of this research. In order to 
use the above techniques to generate p;;(y}, py (y), and 
pij(y), inventories for FY1981 were used in place of these historical 


values. Thus, in practice, the above equations were modified by 


replacing Ny(y,h-1) by Ny(y,0) in all of the equations. 
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APPENDIX B: PERSONNEL REQUIREMENTS 


The future personnel requirements used in this demonstration exer- 
cise were summarized in section 3.2 of the main text. This appendix con- 
tains a more detailed description of the requirements data and a brief 


description of how the data were derived. 


B.1 OERIVATION OF VALUES 

The total enlisted endstrength required for a given year from FY 
1982 through FY 1987 was taken from DCSPER Form i. For years FY 1988 
through FY 1998, the total Army personne! requirements were developed 
based on discussions with various individuals within ODCSOPS. (These 
requirements reflect changes to support Division-86 and increases in the 
Authorized Levels of Organization.) The officer component was subtracted 
from these totals to provide an estimate of total enlisted endstrength 
required for FY 1988 through FY 1998. For the later years (FY 1999 
through FY 2001), the FY 1998 requirement was assumed to continue (no 
data were available for estimating the requirement directly for this time 
period). 

These totals were then subdivided ‘nto requirements by CMF using the 
CMF distribution implied by PERSACS data. The distribution in FY 1982 
through FY 1988 was based on the corresponding year's PERSACS; the FY 
1988 PERSACS data were applied to all future years as well. Because the 
PERSACS does not include the TTHS account, a TTHS correction was first 


made to the PERSACS data to assure that the requirements mix among CMFs 


would be as accurate as possible. 


The resultant requirements by CMF were further subdivided in each of 

two ways: 

(1) A desired AFQT mix for each CMF was specified by the DOCSPER; 
this mix was applied to the requirements data to provide per- 
sonnel requirements by AFQT category, CMF, and fiscal year. 

(2) A desired year-of-service mix for each CMF was taken from the 
1980 Enlisted Force Management Plan; this mix was applied to 
the requirements data to provide personnel requirements by 


years of service, CMF, and fiscal year. 


B.2 REQUIREMENTS TABLES 


The following pages contain tables of the resulting requirements 
data for fiscal years FY 1987 through FY 2001. The tables present the 
detailed requirements by CMF and year of service for each fiscal year. 
(The requirements by CMF and AFQT category are summarized in the main 
text; because the required AFQT category mix does not differ greatly from 
year to year or among CMF, detailed tables of this mix are not 


presented.) 
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APPENDIX C: PLANNED PERFORMANCE TARGETS 


This appendix presents in detail the performance targets which com- 


prise the demonstration personnel long range plan and describes briefly 


A summary of these targets is presented in 


how they were derived. 


section 3.4 of the main text. 


Long range performance targets for the Army manning system consist 


of rates describing the acquisition of personnel by the Army, migration 


of personnel within the Army, and separation of personnel from the Army 


during the FY 1991 to FY 2001 time period.! These rates have been 


derived for each of 7560 "classes" of enlisted personnel, as distin- 


guished by the following descriptors: 
(1) 
(2) 


Career Management Field (30 possible CMF, from 11 through 98); 


AFQT category (three possible categories -- I-IIIA, IIIB, or 


IV); 


education (either HSDG or non-HSDG); 


(3) 
(4) 
(5) 


sex (male or female); and 


years of service (21 possible groups, including 0-1, 1-2, .. 


19-20, and greater than 20 years). 


The specific types of rates which are included in the demonstration 


PLRP are noted below: 


(1) Accessions are the number of individuals who enter the Army 
They 


(into one of the 7560 classes) in a given fiscal year. 


include both prior service (PS) and non-prior service (NPS) 


enlistments. 


laithough the period from FY 1991 through FY 2001 is the focus of this 
demonstration PLRP, this appendix describes the performance targets for 
the nearer-term years as well. 
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(2) A CMF stay rate is the fraction of individuals in a given class | 
who remain in the same CMF throughout a fiscal year. 
(3) An out-migration rate is the fraction of individuals in a given 
class who leave their CMF for another CMF during a fiscal i 
year. 
(4) An in-migration rate is the fraction of individuals who, having 
migrated from some CMF during a fiscal year, enter a particular 
new CMF. (Note that this rate differs from the CMF stay rate 
and the out-migration rate in that it is a fraction of migrants 
rather than a fraction of individuals previously in a 
class.) 
Other useful rates can be derived from these basic rates. For example, 
the fraction of individuals in a given class who remain in the Army from 
one year to the next is the sum of the CMF stay rate and the out-migra- 
tion rate for that class. One minus this sum is the fraction of individ- 
uals in the class who separate from service from one year to the next. 
The target rates to be presented below were developed using two 
basic types of considerations: 
(1) historical performance of the Army personne] system and the 
degree to which historical performance is expected to be repre- 
sentative of future performance; and 
(2) the need to modify anticipated future performance of the per- 
sonnel system in order to meet the goals and objectives of the 
system as described in section 3.3 of the main text. 
Ithe methodology used to compute future inventories from these rates is ‘ 
able to accept more detailed rates describing migrations from one CMF 
directly to another. Actual versions of the PLRP should process the 


basic data so as to take advantage of this more detafled 
representation. 


Section C.1 outlines how these considerations led to the development of 
the performance targets. The actual rates appear in the three sections 
following section C.1: 
(1) NPS accessions are tabulated in section C.2. 
(2) Stay and migration rates applicable during the fiscal year in 
which a new recruit enters service (referred to as “retraining 
data") can be found in section C.3. 
Data which vary with years of service are tabulated together in 
saction C.4. These include the remaining stay and migration 
rates and PS accessions. Although not part of the performance 
targets, the starting inventories as of the end of FY 1981 are 
also presented. (These inventories .ere provided by the DCSPER 
Manpower Task Force for individuals with at least one year of 
service, and were derived from data provided by the Recruiting 


Command for individuals in the first year of service.) 


C.1 DERIVATION OF VALUES 
This section briefly describes how all of the performance targets 


were derived. The discussion first considers modification of historical 


performanc? data to obtain a starting point for the planning analysis. 


This is followed by an indication of the controls imposed on the modified 


rates {i order to achieve the planning goals and objectives. 


C.1.1 MODIFICATION OF HISTORICAL PERFORMANCE DATA 
This section summarizes the modifications made to historical perfor- 
mance data in order to obtain a starting point for development of the 


demonstration PLRP. Future overall NPS accessions for each demographic 


class (sex, education, and AFQT category) were assumed to be comparable 


to accession rates already projected for the near term. The distribution 


of these accessions among CMF was assumed to be in the same proportions 


as achieved in FY 1981, as indicated in data provided by the Recruiting 


Command. 


The stay and migration rates (for individuals other than new re- 


cruits) were derived primarily from data provided by the OCSPER Manpower 


Task Force. The Manpower Task Force data were developed using Army per- 


sonnel records from FY 1977 through FY 1980. Because of changing eco- 


nomic conditions, the CMF stay rates and out-migration rates were adjust- 


ed slightly to conform to the best available estimates of future Army 


Separation rate data from DCSPER Report 411i were 


separation rates. 


inputs to this adjustment process. 


The stay and migration rates for new recruits (i.e., the retraining 


data) were derived from data collected within ODCSPER. 


Finally, prior-service accessions were derived from a combination of 


sources. Total accessions for a given year were assumed to be equal to 


accession rates already projected for the near term. The distribution of 


these accessfons among demographic classes and years-of-service groups 


The distribution among 


was derived from DCSPER Manpower Task Force data. 


CMFs was assumed to be in proportion to the FY 1981 force inventory. 


C.1.2 DEVELOPMENT OF PLANNED PERFORMANCE TARGETS TO MEET PLANNING 
GOALS AND OBJECTIVES 


Four general kinds of changes were made to the modified historical 


performance rates to achieve the demonstration PLRP goals and objec- 


tives: 


(1) Overall future NPS accessions were modified year by year; the 


(2) 


final values are tabulated in the main text. 

In-migration rates into selected CMF were reduced as indicated 
in exhibit C-1. 

The fraction of individuals remaining in service after comple- 
tion of the first tour of duty was reduced by 75 percent for 
individuals in AFQT category IV and by 25 percent for individ- 
uals in AFQT category IIIB. This change was selected as a 
proxy for a policy in which individuals who perform poorly dur- 
ing their initial tour are not allowed to reenlist. (It is 
assumed here that performance is highly correlated with AFQT 
category.) The change affected the values of both the CMF stay 
rates and the out-migration rates for these individuals. The 
change was assumed to take place after FY 1982. 

The mix of NPS accessions among CMF was altered in a two-step 


process as shown in exhibit C-2. (Note that these changes did 


not alter the total number of accessions, but merely the way in 


which these accessions were distributed among CMF.) 


EXHIBIT C-1: CONTROL OF IN-MIGRATION RATES INTO SELECTED CMF 


CMF PERCENT CHANGE! 
13 -25 
| 19 -25 
! 23 ~25 
| 27 -25 
28 -502 
29 -90 
31 -99 
54 -50 
64 -90 
74 -10 
79 -50 
84 -50 
96 -25 


lThe same percent change was made to each demographic class (sex, edu- 
cation, AFQT category) and for all future fiscal years and years-of- 
service groups (except the zeroth year of service -- j.e., the 
retraining data were not modified). Migrants who were no longer allowed 
to enter these CMF were assumed to be distributed to the remaining CMF 
in proportion to the relative in-migration rates. 


2Later, a further 42 percent reduction was made to this CMF, so that 
the overall change was -71 percent. This second change applies only 
after FY 1982. 


EXHIBIT C-2: CONTROL OF MIX OF NPS ACCESSIONS AMONG CMF 


Percent Change in | 
Fiscal Years CMF Individuals Entering CMF | 
Step 1: All 13 -10 
31 -25 
67 -25 | 
76 -10 | 
91 -10 
Step 2:2 1983-1987 11 5 
13 - 5 
16 45 
27 -58 
28 -90 
29 -20 
33 -15 
63 65 
96 -20 
98 25 
1988-2001 il 5 
13 -10 
16 50 
27 -49 
28 -80 
29 -20 
33 -20 
63 70 
76 03 
96 ~25 
98 15 


\the same percent change was made to each demographic class and years- 
of-service group (except the zeroth year of service). Accessions 

into the CMF not listed here were assumed to occur in proportion to the 
relative accession rates before these changes were made. 


2step 2 changes were applied to the mix of accessions resulting after 
the application of the step 1 changes. 


3q change of 0 percent assures that there will be no redistribution of 
accessions into or out of this CMF. 


C.2 NPS ACCESSION RATES 


The following pages contain the final values for the NPS accession 


targets for each future year, beginning in FY 1982 and running through 


the PLRP horizon which ends in FY 2001. 
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C.3_ RETRAINING RATES 


The following pages contain stay and migration rates which are 


applicable during the fiscal year in which an NPS enlistee enters serv- 


ice. The column headed P(I,1I) contains the CMF stay rates; the column 


headed P(I,.) contains out-migration rates; and the column headed P(.,1) 


These rates apply to all future years. 


contains in-migration rates. 
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C.4 OTHER DATA 

The following pages tabuiate all performance targets and other data 
which vary with year of service (as well as with CMF and demographic 
characteristics). The year-of-service column (headed YOS) indicates the 
year-of-service anniversary which is reached during the fiscal year to 
which the data applies. A value of 21 in this column actually corre-~ 
sponds to any year-of-service anniversary greater than 20. The column 
headed P(I,I) contains the CMF stay rates; the column headed P(I,.) con- 
tains out-migration rates; and the column headed P(.,1) contains in- 
migration rates. These rates apply to all years after FY 1982. Prior 
service enlistments appear in the column headed PS ENL. These are basic 
data which should be adjusted for the fiscal year in question. In FY 
1982, each entry should be multiplied by .534; for later fiscal years, 
each entry should be multiplied by .748. Initial inventories (for FY 
1981) appear in the final column of the table. 
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APPENDIX D: INVENTORIES 


This appendix presents future personnel inventories which result if 
the performance targets described in appendix C are attained. For each 
future year, there are 7560 class values, corresponding to ali possible 
combinations of CMF, sex, AFQT category, education, and years of service. 
The following pages do not present all these inventories, but instead 
summarize them for each future year beginning in FY 1987 and running 
through the long-range planning period which ends in FY 2001. For each 
year, two tables break down the total inventory in two different ways. 


The first table for a given year contains a percentage breakdown by years 


of service, AFQT category, and CMF. The second table for a given year 


consists of a percentage breakdown by education, sex, AFQT category, and 


CMF. 
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